Introduction
The first circulation schemes of the Mediterranean Sea were provided by Nielsen (1912) , Wüst (1961) , Ovchinnikov (1966) , Lacombe (1973) and other authors. The pictures of the upper circulation ( Fig. 1 ) provided by these authors were showing an Atlantic Water (AW) stream entering the Strait of Gibraltar and describing a quasi-permanent anticyclonic gyre in the Western Alboran Sea. The AW was then flowing along the Algerian coast toward the Strait of Sicily. Two secondary streams were separating from the main path. The first was flowing cyclonically in the Algero-Provençal Basin, entering the Ligurian Sea, the Gulf of Lions and the Catalan Sea. The second stream was detaching before the Strait of Sicily, flowing cyclonically in the Tyrrhenian Sea and finally entering the Ligurian Sea. The AW flowing into the Eastern Mediterranean was supposed to describe large cyclonic loops in the Ionian Sea and Levantine Basin, and an anticyclonic loop in the Gulf of Syrte. This "horizontal" thermohaline circulation cell was part of two other internal cells of deep circulation, normally known as "Mediterranean Conveyor Belts", driven by the deep waters formed in the Eastern and Western Mediterranean.
This circulation scheme was essentially drawn from basinwide, low-resolution measurements and was substantially modified during the last two decades, as a consequence of higher resolution measurements and process oriented studies. The Mediterranean Sea is now known to have a very high spatial and temporal variability at all scales, from small turbulence to basin scale processes.
The Western Mediterranean has been studied extensively since the 1950s. More intensive investigations were done in the framework of various international projects (La Violette, Millot, 1999; Malanotte-Rizzoli et al., 1997; Robinson and Golnaraghi, 1994) : 1-Western Alboran Gyre, 2-Algerian Current, 3-Liguro-Provenço-Catalan Current, 4-Bonifacio Gyre, 5-Tyrrhenian Current, 6-Atlantic-Ionian Stream, 7-Modified Atlantic Water, 8-Ionian Anticyclones, 9-Mid Ionian Jet, 10-Adriatic Surface Water, 11-Ionian Surface Water, 12-Pelops Anticyclone, 13-Cretan Cyclone, 14-Mid-Mediterranean Jet, 15-Ierapetra Anticyclone, 16-Rhodes Gyre, 17-Mersa-Matruh Gyre, 18-Shikmona Gyre.
1990; Millot, 1995) . On the contrary, the Eastern Mediterranean Sea has only been investigated intensively during the last two decades. The most comprehensive information on the circulation of the Eastern Mediterranean Sea came from the project Physical Oceanography of the Eastern Mediterranean (POEM), an international effort to record and analyse the general and mesoscale circulation of the region, resolving seasonal as well as interannual variability (see e.g. Malanotte-Rizzoli and Robinson, 1988) .
Many aspects of the circulation remain insufficiently investigated and several questions are still open. For example, the seasonal variability (strength and dimension) of many eddies (having diameters of tens of kilometres) and gyres (diameters of hundred kilometres) has yet to be determined. This is an important issue since, inter alia, eddies and gyres influence the transport of properties through the basin (e.g. Malanotte Rizzoli et al., 1999) . The interannual and longterm variability of the basin is still largely unknown, and this hampers the possibility to develop climate studies. To fill these gaps, there is a need for a long-term monitoring of the basin.
The Mediterranean Forecasting System Pilot Project (MF-SPP - Pinardi and Flemming, 1998) , promoted by the Euro-GOOS Association (Woods et al., 1996) through the Mediterranean Test Case Task Team, had the aim to set up the forecasting system for the physical state of the sea. MFSPP launched a ship-of-opportunity programme, providing XBT profiles of the Mediterranean thermocline from September 1999 to May 2000.
This paper presents the analysis of the full resolution XBT data. The details on data collection and data quality check methodology are presented in Sect. 2. In the Sect. 3 the seasonal and regional variability of the data are outlined while in Sect. 4 some remarks on interannual variability are presented.
Methods and data
MFSPP implemented, for the first time, a basin wide operational monitoring system of the Mediterranean Sea based on XBT data collection by means of ships of opportunity. The main characteristics of the system were the near-realtime data delivery, the open and user friendly access to nearreal-time data through the project web page, and the high time and space resolution. According to the recently revised sampling strategies of the ship-of-opportunity program in the world ocean (JCOMM, 1999 (JCOMM, , 2000 Smith et al., 1999) , three major sampling modes are defined: Low Resolution Sampling with monthly track repetition and four XBT drops per day; Frequently Repeated Sampling with lines repeated 18 times per year with an XBT drop every 100 to 150 km; High Density Sampling with closely spaced XBTs (typically 10-50 km) and a repetition frequency of about four times per year. The MFSPP identified the need to resolve, in an operational way, the meso-scale and infra-annual changes in the Mediterranean Sea at temporal and spatial scales of 15 days and 15-20 km, respectively (Manzella et al., 2001) .
The MFSPP tracks (Fig. 2) were designed to detect some of the most important circulation features of the Mediter- ranean Sea. A "training phase" from September to November 1999 preceded the monitoring program and an "operational period" was carried out from December 1999 to May 2000. In order to ensure data comparability and compatibility, common protocols for data collection, transmission and control were adopted by all participants. The list of institutions involved in data collection is provided in Table 1 , as well as information on departing and arriving ports and XBT probes used. Table 2 lists details on period and number of XBT launches during MFSPP. The long track from Gibraltar to Haifa was carried out only one time per month by SAHFOS, due to the duration of the entire trip (28 days from UK to Haifa and back). Some changes had to be introduced to the planned schedule during the monitoring period. They were due to difficulties that affected the regular sampling, such as strikes in ports and accidental wreckage or unavailability of ships. Other difficulties came from the meteorological conditions that were especially severe in winter in particular areas, such as the Gulf of Lions.
The XBT probe types used were Sippican T4, T6 and T7. The T4 and T6 XBTs provided temperature profiles down to 460 m with a rated ship speed of 30 kts and 15 kts, respectively. The T7 probe maximum depth is 760 m and the rated ship speed is 15 kts. All the probes had a temperature accuracy of ±0.1 • C and a resolution of 0.01 • C. A total of 3916 XBT drops were made between September 1999 and May 2000 by all participants. The quality check of the data was carried out by applying some methodologies developed by others European projects, such as MedAtlas (MedAtlas Group, 1994) and Mediterranean Oceanic Data Base (MODB) (Brasseur et al., 1996) . The procedures consisted of different steps:
1. "check for spikes" -a visual check was performed in order to eliminate not acceptable values;
2. "check for impossible regional values" -the profile values were checked to be between a minimum and a maximum temperature values for the different geographical areas specified in MedAtlas. These minimum and maximum values were extracted from seasonal climatology Med5 (Brasseur et al., 1996);  3. "narrow range check" -each profile was compared with monthly data from Med6 climatology obtained in the framework of MFSPP (Brankart and Pinardi, 2001) . It is important to underline that some areas of the Mediter- ranean Sea were poorly sampled and then the climatological means could be scarcely representative of a long-term average of temperature and salinity. In particular, the existing climatology is not able to capture the interannual variability in the Eastern Levantine Basin.
A careful study on the space and time distribution of XBT historical profiles from MedAtlas has been performed by Manzella et al. (2002) in this issue. Their results confirmed that 61% of the collected profiles fall within the range ±2 standard deviation (σ ), the remaining is over this range. In particular, 10% of all profiles is above ±4σ , the greatest part of which were collected in the Eastern Mediterranean. The reason for this is based on the fact that the climatological data set of the Eastern Levantine Basin is based on the temperature profiles collected during the 1990s, with more than 60% of them collected in 1993.
A further comparison was performed by using CTD data collected in the Levantine Basin as part of Cyprus Basin Oceanography (CYBO) program (Zodiatis et al., 1998) . This comparison demonstrated the high quality and consistency of the XBT data collected in the area south of Cyprus.
A supplementary check was done comparing profiles of track 1 with the correspondent profiles of tracks 2, 3, 5, 6 and 7, in cross-over points. The final result of the data quality check procedures was that 82% of the examined profiles were acceptable, 16% were corrected and 2% were completely eliminated.
The graphical presentation of temperature vertical sections was done by means of the Ocean Data View software (Schlitzer, 2000) . Graphs shown in this paper are from 0 to 760 m (maximum depth reached by the T7 XBTs) for tracks 1, 2, 3 and 5 and from 0 to 460 m (maximum depth reached by the T4 and T6 XBTs) for tracks 4, 6 and 7. The grey colour is indicating both a lack of data, deriving from quality processing, and seabed. Figures 4 and 7 show a zoom on the 0-150 m layer, with a different colour scale in order to capture some circulation features. This temperature scale is also used to show the Adriatic and Ionian transect vertical sections.
Regional and seasonal variability
The temporal and spatial variability of temperature profiles was significantly different in the Western and Eastern Mediterranean. In the Western Mediterranean and in the Adriatic Sea, the winter cooling led to a loss of thermal stratification. In the Eastern Mediterranean the stratification was always detected, although varying with the seasons and strongly influenced by long-lasting gyres. These conditions are shown in selected figures, namely Figs. 3, 4 and 5.
The sections along the main west-east track from Gibraltar to Haifa (Figs. 3a and b) show a seasonal intensification of the thermal stratification in the southwest Mediterranean. The undulating behaviour of the isotherms, in the Alboran Sea and Algerian Basin, can be related to the baroclinic instabilities of the currents. Although only two vertical temperature sections are shown for September 1999 (Fig. 3a) and February 2000 (Fig. 3b) , this behaviour was observed during the entire monitoring period.
In September 1999 (Fig. 4a ) the upper thermocline along the sections from Genova to Palermo was well-stratified as a consequence of the summer warming. It was affected by the cyclonic circulation existing in the Ligurian Sea and close to the Bonifacio Strait, indicated by the slight curvature of the isotherms. The general uplift of the isotherms in front of the Bonifacio Strait were due to Ekman pumping (Astraldi and Gasparini, 1994) . February 2000 (Fig. 4b) presented a different situation where a homogeneous layer of cold water was found from surface down to 450 m.
The thermal structure in the Eastern Mediterranean from the deepening of isotherms. The Mersa-Matruh Gyre was intense in September 1999 (Fig. 3a) , but the signal was weak in February 2000 (Fig. 3b) , probably due to changes in the horizontal structure of the gyre. During winter, there was a reduced stability of the mesoscale features due to the increased homogenisation and the consequent decrease in the internal radius of deformation (Zervakis et al., 1998) . A new addition to the oceanographic knowledge of the region, not revealed by the POEM Group, is the existence of a coastal current flowing eastward along the Egyptian coast. This current is omnipresent in the records of the track 6 (Fig. 5a ) a few tens of km and also identifiable, with a weaker signature in track 7 (Fig. 5b) . Particular examples of the seasonal variability of the ther- (Fig. 6a ) was between 40-50 m with a surface temperature less than 24 • C and little variability below 150 m. In winter there were nearly constant temperature profiles from surface to maximum depth. As a consequence, the cyclonic circulation is not evident from the temperature section in February 2000 (Fig. 4b) . The thermocline in the Shikmona Gyre (Fig. 6b) was between 40-100 m with a higher surface temperature up to about 28 • C in summer. Profiles were nearly homogenous in winter down to a depth of 350 m. Temperature profiles indicate that the Shikmona Gyre was able to induce significant variability during different seasons at greater depths as well.
Interannual variability
The unstable circulation pattern along the Algerian coast is evidenced by the thermal structures observed along tracks 1, 2 and 3 (Figs. 3a and b, 7a and b), in agreement with other data analysed by Millot (1999) and by Fuda et al. (2000) . Accordingly, it can be inferred that the structure of the AW layer along the North African coasts was strongly characterised by the occurrence of the mesoscale eddies and that the flow of AW was not continuous. Data from tracks 1 and 3 show that the presence of large eddies limits the passage of surface water through the Sardinian Channel. This pattern is in agreement with previous knowledge of AW circulation in the Western Mediterranean (Millot, 1999; Fuda et al., 2000) . In the Gulf of Lions and Catalan Sea, the thermal structure was affected by the cyclonic circulation of the Liguro-Provenço-Catalan system (Millot, 1987) . This area, normally the site of Western Mediterranean Deep Water (WMDW) formation, shows a complete lack of stratification during winter months (Figs. 7a, b and 8b ). In the Gulf of Lions, the main feature observed was the along-slope coastal flow of AW, characterised by a relatively cold water (T< 13 • C, Fig. 7b ). In the central part of the Gulf of Lions, air-sea interactions during January-February led first to a cooling of the surface waters, with a formation of Winter Intermediate Water, and then to a thorough homogenisation of the water column. Homogeneous ( T < 0.5 • C) profiles were encountered from late February (Fig. 7b) to early April, with mean values in the range of 12.5-13.5 • C. The temperature values in the central area of the Gulf of Lions were about 13 • C, similar to those measured during winter convection events (MEDOC, 1970) . The cyclonic circulation in the Ligurian Sea was reflected in the isotherm pattern (Figs. 4) . During winter, the vertical homogenisation did not seem as strong as in previous observations (Sparnocchia et al., 1995) . In the central part of the basin the temperature was generally higher than the climatological values (> 0.5 • C during winter). MEDOC Group (1970) and Sparnocchia et al. (1995) in the same area showed greater winter vertical homogeneity than was observed by MFSPP in 2000.
The Algerian current displayed a strong variability and interacted with eddies in the Algerian Basin being diverted from its mean eastward path. The structure of the AW flow in the Sardinian Channel depends strongly on that of the Algerian Current and on the occurrence of the upstream eddies. For instance, isotherms across the entire Sardinian Channel were flat in late October, indicative of the absence of any major structured flow. On the contrary, in January-February (Fig. 7b) , relatively low temperatures were found only along the Tunisian coast, indicating that the AW was clearly flowing along-slope.
Year-to-year variability of the temperature patterns in the southwestern Mediterranean can also be assessed by comparing selected historical data sets (collected in early summer 1986 and winter 1997 by Perkins and Pistek, 1990; Astraldi et al., 1999; and Fuda et al., 2000) . The surface temperature observed in late May 2000 (Fig. 8a ) was up to 1 • C higher than in early June 1986 (Perkins and Pistek, 1990) , while below 200 metres the temperature difference was relatively smaller (0.2-0.3 • C higher in the MFSPP data). A maximum temperature of 13.9 • C was measured between 200-400 m depth in May 2000, while in 1986 the maximum temperature value was about 13.65 • C. Also in January 2000 (Fig. 8b) , the temperatures were always higher than in January 1997 (Astraldi et al., 1999) .
The Adriatic/Ionian XBT transect (Fig. 9 ) crossed two areas of crucial importance for understanding the Eastern Mediterranean general circulation and its variability. The first area was the South Adriatic Pit, the source area of the main component of the Eastern Mediterranean Deep Water (see, for instance, Pollak, 1951; Schlitzer et al., 1991) . In agreement with the most recent observations (Gačić et al., 1997; Kovačević et al., 1999; Poulain, 1999) , the flow pattern in the Pit was characterised by a topographically controlled cyclonic gyre, affected by convective processes associated with winter cold air outbreaks and strong surface heat loss events, mainly caused by northerly winds. About a decade ago, the convective process was able to produce wa- ter dense enough to sink directly to the bottom of the Ionian Sea. Due to mild winters over the Adriatic area and to a new circulation pattern set in the Eastern Mediterranean bottom layer in recent years, this water became lighter than the pre-existing Eastern Mediterranean Deep Water and spread in intermediate layers of the northwestern Ionian (Lascaratos et al., 1999) . The MFSPP data show that the winter convection in the south Adriatic was not attaining the 600 m depth (Fig. 9a) , demonstrating that also in March 2000 deep convection did not occur. The second area of the Adriatic/Ionian transect was the northwestern portion of the Ionian Sea, which is characterised by a presence of almost all water masses circulating in the Eastern Mediterranean, such as AW, Levantine Intermediate water, Adriatic Deep Water, Eastern Mediterranean Deep Water, Ionian Surface Water, as well as Aegean waters (Malanotte-Rizzoli et al., 1997) . Observations of the last decade have shown that the circulation pattern in the eastern portion of the basin has changed during the period 1992-1996. The circulation in the Ionian Basin became anticyclonic, diverting, in this way, the flow of the Atlantic water from its original path toward the Levantine Basin (MalanotteRizzoli et al., 1999) . One of the consequences of this diversion was an enhanced production of Eastern Mediterranean Deep Water in the Aegean Sea and a decrease in the Adriatic Sea, the site of major production before such a transient event. This situation appeared to be reversed during 1999-2000. Uplift of the isotherms close to Sicily was observed in track 1 and in track 5 (indicated by the letters IC in Fig. 3 ). Recent observations made by direct Eulerian current measurements at a mooring positioned in the Northern Ionian (38.5 • N, 18.0 • E) within the MAST/MTP II/ MATER project (Manca, 2000) have revealed a cyclonic circulation installed there since March 1998. The Pelops Gyre (Fig. 3) was the main persistent feature before the entrance of the Levantine Basin. It was generally deeper than 760 m and quite large from September (Fig. 3a) to January, and much narrower from February (Fig. 3b) to April 2000. This anticyclone was observed during the POEM cruises and was intense and strongly barotropic below the upper 100 m layer, penetrating down to 800 m.
Another feature frequently cited in the recent literature is the Cretan Gyre, which should be found approximately south of Crete at about 26 • E (Fig. 1) . A small anticyclonic gyre was detected in September (Fig. 3a) and October 1999, while in November it was absent (not shown here). During the winter months (see, e.g. Fig. 3b ), the uplift of isotherms indicated again the appearance of the Cretan Gyre. The POEM data define the Cretan Gyre as confined in the upper thermocline and disappearing below 400 m. There is a strong contrast between the two sets of observations. The MFSPP data indicate south of Crete the presence of a cyclonic structure during winter, conversely POEM data show such structure in summer-autumn. This differences could be attributed to the circulation changes which occurred in the Eastern Mediterranean or year-to-year variability.
Track 6 crossed the South Aegean Sea and the Levantine Basin. Based on existing knowledge, it was expected to cross the Mersa-Matruh anticyclone in the Southern Levantine, and possibly the cyclonic Rhodes Gyre in the Northern Levantine Sea (Robinson and Golnaraghi, 1994) . The isotherm depressions along track 6 (Fig. 5a ) confirm the presence of anticyclonic Mersa-Matruh Gyre which was very strong and remained a dominant feature from October 1999 through March 2000.
The design of the ship-tracks 6 did not allow for monitoring of the cyclonic Rhodes Gyre, but the temperature showed the circular signature of the "boundary" of the anticyclonic Ierapetra Gyre (Fig. 5a) . Figures 3a and b show a strong signature of such a gyre penetrating down to 760 m. The Ierapetra Gyre was always detected from September 1999 to May 2000. Similar to the Pelops Gyre, Ierapetra was quite deep and narrow during the winter months. During the POEM cruises, Ierapetra was detected in October 1991 and in August-September 1987 (as strong and deep as during MFSPP), but was not evidenced in other cruises of 1985 and 1986 (Özsoy et al., 1993 ). An extensive analysis of historical data was done by Hecht and Gertman (2001) , who presented the Ierapetra Gyre as a recurrent feature whose size and intensity is varying interannually, probably linked to Cretan Water outflow (Lascaratos et al., 1999) .
The signature of the Mersa-Matruh Gyre also exceeded the maximum sampling depth reached by the T6 XBTs for tracks 6 (Fig. 5a ). In this feature the isotherm downwelling is not as deep as Ierapetra: the 16 • C isotherm deepens about 150 m in the core of the eddy. Track 6 further revealed that winter convection processes exceeded 350 m in the area north of Crete Island. The temperature difference between the Cretan and Levantine Seas generates a permanent front through the Cretan Straits which maintains a southwestward jet. This front is intensified during and after the winter homogeneity of the Cretan Sea, thus carrying Cretan water towards the southwest in the Levantine Sea (Lascaratos et al., 1999) . The mesoscale circulation inferred from observations along the Piraeus-Alexandria track through the first six months of monitoring was compatible with the circulation pattern provided by Robinson et al. (1991) based on POEM observations. The slope of the isotherms suggested a geostrophic flow distribution consistent with the crossing the northeast boundary of the Ierapetra Gyre in the northern part of the Levantine Sea and dissecting the Mersa-Matruh Gyre in the southern part of the transect.
The analysis of the XBT transects, south of Cyprus (Fig. 5b) Moreover, a permanent temperature depression existed in the centre of this transect throughout the entire observation period (Fig. 5b) . This depression was associated with the westward extension of the permanent anticyclonic Shikmona eddy found during the CYBO project between 1996-2000 (Zodiatis et al., 1998) , as well as in the late 1980s (Brenner, 1989) . The upper surface water layer down to 200 m depth at the centre of this depression was homogeneous in February 2000. This circulation feature has been defined as a quasistationary gyre by many authors (Malanotte-Rizzoli et al., 1997; Hecht and Gertman, 2001 ). However, the recent observations (Zodiatis et al., 1998) suggest that the Shikmona Gyre could eventually be composed by several eddies, sometimes cyclonic, sometimes anticyclonic.
Between Ierapetra and Shikmona, large time variably features were detected. These could be interpreted as meanders or eddies merging or changing rotation sign. Such structures were also observed during the 1986 and 1987 POEM cruises and were interpreted as multiple anticyclonic centres capable of constraining the path of the water of Atlantic origin in the Eastern Mediterranean.
Conclusions
The main goal of the MFSPP ship-of-opportunity program was to provide data in real time for the circulation forecast. However, the monitoring system has produced an unprecedented data set. For the first time the evolution of the upper layer thermal structure has been monitored quasisimultaneously on the whole Mediterranean Sea, allowing to better define the time evolution of many dynamic structures of the Mediterranean Sea and then ascertain to what extent previous conclusions (e.g. those of POEM) are valid. The overall Mediterranean circulation pattern inferred from the MFSPP observations, presented in Fig. 10 may be compared with that in Fig. 1 .
One of the major results of the observation program is based on the changes observed in the Ionian Sea. This is a critical area, whose circulation pattern affects the entire Eastern Mediterranean ecosystem (Malanotte-Rizzoli et al., 1999) . From thermal structures it can be inferred that the circulation in the western sector of the Ionian Sea is now cyclonic, as was before the 1990s.
The monitoring system also showed that it is able to provide a grat deal of information on the status (and evolution) of the Mediterranean oceanographic regime. Efforts have been completed and are also continuing to maintain it, at least along some critical transects, some of which have been continued up to December 2000.
